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The Necessity and Suitable Feeding Schedule of Arfemia
Nauplii for Larval Mud Crab*!

Toshio Takeuchi,*2 Takayuki Kobayashi,*2
Tomohito Shimizu,*3 and Sachio Sekiya*3

This experiment was conducted to investigate the suitable feeding schedule of Artemia nauplii
(Expt. I) and the effect of enrichment of live foods (Expt. I) on the survival rate, carapace width
and total days to reach each developmental stage of the larval mud crab. Two feeding experiments
were carried out in one liter plastic beakers in each containing 30 larvae.

The crab fed Artemia nauplii from zoea 3 stage, showed high survival rate compared with the
another treatments. The enrichment of both rotifer and Arfemia nauplii with n—3 highly unsaturated
fatty acids (n-3HUFA) affects the carapace width and survival rate of mud crab larvae.

These results indicated that larval crab require n—-3HUFA in live food (enriched rotifer and Arte-
mia nauplii) as essential fatty acids and should be given the enriched Artemia nauplii from zoea 3
stage in order to attain a high survival rate of the first mud crab.
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Fig. 1. Feeding schedule of larval mud crab in Experiments I and II.
CV-R, Chlorella vulgaris-rotifer; N-R, Nannochloropsis-rotifer; YN-R, w-Yeast+ Nannochloropsis-rotifer;
Un-Ar, Unenriched Artemia; EPA 28G~-Ar, Artemia enriched with EPA 28G emulsified oil which contains

25.0% EPA and 10.1% DHA, respectively.
Z1-75, first to fifth zoea; M, megalopa.
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Table 1. Conditions of rotifer and Arfemia enrich-
ment in Expts. I and II

Rotifer Artemia
Tank volume () 5 5
Capacity (individuals/m/l) 1500 200

Expt. I, 19.2-22.3;
Expt. II, 20.0-24.5

Enrichment period (hours) 18 18
Culture medium Sea water
Light intensity Natural indoor light

Water temperature (°C)

Table 2. Concentration of each enrichmental live
food in Expts. I and 1I

Experiment no.

I II
Tank volume (7) 5 5
CV-R (107 cells/ml) 4 4
N-R (107 cells/ml) 4 4
YN-R (w—Yeast, g/l;
Nanno., 10 cells/ml) 0.6; 2 —
EPA28G-Ar (ul/l) — 100

Brachionus rotundiformis % R\ 7=, U LAV OEEREIT,
500/ DBRBERIYIFVV/KEEZRAWT, E—%—TK
B% 28°CIcfRy, 48 MM/ Ny FEEREZBVIR L,
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Table 3. Rearing conditions for larval mud crab in
Expts. I and II

Experiment no.

I I

Tank volume () 1 1
Number of larvae 30 30
Water temperature (°C)

Z1 27.8-28.0 27.5-27.8

Z2-M 29.4-30.2  29.4-30.7
Water exchange*? Once a day
Feeding frequency Once a day
Rearing period (days) 28 30
Light intensity Natural indoor light
Density of feed in culture Rotifer Rotifer
medium (individuals/ml) 40~50 40~50

Artemia 5  Artemia 5

*1 One liter polyethylene white beaker in duplicate was
used.

*2 After start the feeding experiment, 100 m/ seawater
(70%) was exchanged every day, then seawater concen-
tration was adjusted at 70% after 11 days of the feeding
experiment.

20 pug/! of streptomycin in each tank was added to pre-
vent the occurrent of filamentous bacterium.
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TR =T 20 ug TOHML, MEEOKM LB
L7,

%k, ERBRICEThZTh2BSHOY—h—%H
WV, BRIIEHETCRT I E Lz, BRI OWTIE
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Table 4. Result of survival rate (%) to reach each larval stage and carapace width (mm) of first crab (C1) in Ex-
pts.Iand IT
Survival rate (%) *! Carapace width (mm)*2
Lot no.
Z1 Z2 Z3 Z4 Z5 M C1 C1
Expt. I
1 100.0%  100.0 100.0 55.0¢ 35.0d 0 0 —_—
2 100.0 100.0 100.0 76.7b 50.0e4 23.34 13.3¢ (3.18+:0.19*5) (n=8)
3 100.0 100.0 100.0 76.7° 61.7¢ 48.3¢ 38.3v 3.38+0.11 (n=23)
4 100.0 100.0 100.0 61.7b< 53.3¢ 45.0¢ 35.0b 3.36£0.15 (n=21)
5 100.0 100.0 100.0 95.02 91.70 83.30 66.72 3.35+0.12 (n=40)
6 100.0 100.0 100.0 100.02 100.02 98.32 73.32 3.36+0.13 (n=44)
7 100.0 100.0 100.0 100.02 100.02 85.0b 65.02 3.31+0.12 (n=39)
Expt. II
1 100.0 100.0 100.0 73.3¢ 35.04 0 0
2 100.0 100.0 98.3 85.0bc 83.3be 66.72b 41.7be 3.35+0.18¢  (n=25)
3 100.0 100.0 98.3 73.3¢ 70.0¢ 60.0° 38.3bc 3.32+£0.19¢ (n=23)
4 100.0 100.0 98.3 90.0v 88.3v 70.03b 46.72b 3.48+0.16 (n=28)
5 100.0 100.0 100.0 100.02 100.02 76.72 51.7ab 3.424+0.11%¢ (n=31)
6 100.0 100.0 100.0 85.0bc 75.0b 55.0b 25.0¢ 3.43+0.13>¢  (n=15)
7 100.0 100.0 100.0 100.02 100.02 78.32 63.32 3.63+0.122 (n=38)

*1 Survival rate (%)= (number of larvae molted to each stage) / (number of larvae stocked) x 100.
*2 Carapace width was measured as maximum width of carapace including lateral spines.

*3 See Fig. 1. C1, first crab.

*¢ Mean value (n=2).

*5 Mean+SD.

*abed Values within a column with different superscript letters are significantly different (p<0.05).

RUEROZOREY, FHIEBRICOWTIRTEHO Table 5. Developmental average period to reach
EOREY, BLULBFBERIC>VWTRIVAIVOSE each larval stage*! in Expts. I and II (day)
HEBREY BB KRES % TT-7 Lot Stage*?
0 .
PRHE AERCTERALICTVALAVETIVFITIR, e B u Z5 M C1
BHASSV 7 PRy PTERL, KEKTHESE L+ Expt. I
KRG EZR - 728, Vo—)bSy ZIZTART, —80°C 1 30 50 91= 1541 — —
< - \ 5 . 2t 4 2 3.0 5.0 8.0bc 11.8>  16.02 (22.8)
THAE R L:ﬁ.o £fERHIER ‘:STJTX Lfgi‘é, EI.J, 4:, % 3 30 50 77 106  14.9ed 93 98
ﬂ@ 3 'ﬁﬂk ﬁ'H’v 7‘,(5}: ﬁﬂﬁ%@ﬁiﬂ J: U"%BBE* 4 3.0 50 7.7¢ 11.4b 15.1b¢ 29.9bc
DI % 5 HT L7z, ST A EISEERIOICHE - 720 5 30 5.0 7.9¢ 10.8c 14.9¢4  22.0ed
6 3.0 5.0 7.8de 10.6¢ 14.7¢ 21.64
] R 7 30 50 82  11.6° 1578  22.7ab
Expt. 11
FERR EFRIBSIUIOHEEREY Table 4, 5, 1 30 51 9.00 1400 — —
Fig. 2 5 XU 31T d, 2 30 50 89 125 16.1s 22.58
HB 1 : ZIIIC I BERROHS (Table 4, Fig. L o o e A
2) A5k, HIMY/ITHETCTI LAV EEZOTST 5 30 50 75 1040  13.9¢ 20.9¢
7o1~4 KT, BIWPOHLIMY/ T OBRBEICEL, 6 30 50 7.0v 11.1c 1470 20,70
NWREGROMMBR O, BKIZ7OVST AVE 7 30 5.0 7.6k 10.3¢ 13.7¢ 20.2¢
HO1IRXIE, BE3MYITTHLAWERREOLNES G *1 Mean value (n=8~60).
VITHITLRL, A A AERBLABHRHE LS " SeeFig. 1.C1, first crab. ,
K abede Values within a column with different superscript let-
Pole, 2HELUIRLERBICE I LT »HANNWEE ters are significantly different (»<0.05).
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Fig. 2. Prolonged development of reared mud crab larvae in Expt. I.
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4~TE T, TEXFE4BY T7HAi#HTHE LY b
HFFOENEE U, £FIER (Table4) iCBAL TiT,
WENhOR SZERIT I H - 7,

KRR : AREOHF (Table 4, Fig. 3) &5,

XHTF 4 7aVv - VO1IRIEIBY T »0HK
AICANWIEEB RGN, AHONSATRLUEHITHEL
o, 2~TRICEWTHE, 4RV IT7THMLT
VWFITHE2IBLIU6RIZERT LEBEIC, B
3P 6LV LT ODREIBELANWIENRET - 1,
I/ LTI TN TFITE2527:2,4,5 LU
TR, WFhoOXH 40% L EOEBEEKRIR L, &k
KBKZO VSO AVESE 2R EF YV 7009 R
TDLvEEZIERHETSE, 2REVLS5K, 4K
IVBTREVWS DK, Fv/ 700tV AT AY
ROFRERRBE D - 2, FHEEBAH (Table 5)
T, WKZOUVSUAVREEDF V) 700/ AT A
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Fig. 3. Prolonged development of reared mud crab larvae in Expt. II.
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Tit, 2R 4RD X >i1c, EPA28G #1LA 4 V1L
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abled) #A2 %L, 2RE4K, 5SRETRDOLEDIT,
AL 7 VT I 7K L Y EPA28G #AtA A4 LERALT )V
FITROFBPEBICKELS T, T, K
OUVSTYAVREFV/ 7007V AT AVRT
i3, 2RESRICIIAEEZI VNS, ARLTRD LD

v/ 7andy 2T AVROHBRERICSREL X
LT AEAERL TN,

EMEEHORFR/R ERIBIUITHW T LAY
BLUTIVTF I T Do MR % Table 6 127”7,

ERI  kGERI3, WThofBRr b kEEER
Lz o7, HEHER (CRERYY) 3, B’k
OLVsSTAY, Fv/randyvAT Ay, wEERE
Fv/roun Y ATCEIELAET AVOIRICEL &)
—%, BELTIVFIT T, 23.0% LVAVEELD
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Table 6. Moisture, crude lipid, fatty acid contents (%) and fatty acid composition (area%) of total lipid in live
foods*! in Expts. I and 11 ’

Expt. I Expt. 11
CV-R# N-R® YN-R® Un-Ar® CV-R® N-R® UnAre CPRZ8G-
Moisture 86.6+0.7* 86.8+0.5 87.0+0.7 88.6+0.5 86.0+0.7 86.9+0.5 87.7+1.6 88.7+1.0
Crude lipid (wet)*  1.5+0.1 1.6+0.1 1.8+03 26+0.1 1.8+02 1.8+0.2 3.0x06 3.0x0.3
(dry)*s 11.1+0.5 12.2+0.5 14.0+2.7 23.0x1.5 12.6+1.2 14.0+0.8 24.1+3.7 26.5%+4.2
20:4n-6(dry) tr*? 0.2+0.0 0.2+0.1 02+0.0 0.1%x0.0 0.2%+01 0301 03=%=00
20:5n-3 (dry) 0.1+0.0 1.6+0.0 2.0+09 14+02 0.1+0.0 1.0£05 1.3%x0.1 25+0.5
22:6n-3(dry) nd*? tr 0.1£0.0 nd nd tr nd 0.2+0.1
2Zn-3HUFA (dry) 0.3+0.0 2.0+0.0 2.7+1.0 15*+0.2 0.6+0.1 1.6+06 15+02 3.0*+0.6
fatty acid
14:0 1.7+0.1 3.1+0.1 4.0+05 1.8+02 21+0.1 24%+08 12+04 1.3+0.3
16:0 11.5+0.3 10.5+0.4 9.1+0.2 93+0.4 17.8+0.3 7.9%+2.8 125%0.4 12.0+0.3
16:1n-7 2.5%+0.3 9.7+0.6 176+2.1 7.2+03 1.1£0.1 9.0x24 5409 58+0.8
16:3n—6 tr 0.1+0.0 04+0.0 10+00 19+04 05%x04 1.1x+00 1.1x0.0
18:0 1.8%+0.2 1.7+0.1 1.7+03 1.8+0.1 3.8+0.2 16+0.6 41x1.0 4.2+05
18:1 2.4+0.3 3.3£00 7.5+0.9 156+0.9 54+09 3.7+1.1 26.5£5.0 27.0%x2.5
18:2n-6 18.1+0.9 9.1+05 4.1%x13 4.2+0.1 294+31 7.9%+28 4.9+04 4.7x0.2
18:3n—6 2.1+£05 1.0+04 03+00 06x0.1 0.1x00 2.0%£09 03x01 0.3%0.0
18:3n-3 14.0+0.7 50+04 1.7+0.9 26.3+1.2 11.4#%25 2.3+0.7 23.2+1.8 20.3%0.5
18:4n-3 1.3+:04 0.3x0.1 0.2+0.0 6.2+0.1 0.1£0.0 04%02 3.0*x1.2 23+04
20:1 0.8+0.0 0.8+0.0 0.8+0.2 02+00 1.8+0.1 04%£03 04£02 05%0.0
20:2n-6 1.0+0.0 1.6+0.2 1.7+0.8 08+02 24x+05 18%0.7 01%£0.0 0.1x0.0
20:3n-6 0.4%0.2 05+0.1 04=+0.1 tr 1.9+0.2 1.2+0.2 tr 0.1+£0.0
20:4n-6 0.1+0.0 1.5+0.1 16+£03 09+0.1 0.6+0.1 1.1x04 12+0.1 13%0.1
20:3n-3 0.5+0.1 0.2+00 0.1%+0.0 0.1£00 12+0.2 02%0.1 03=x01 0.3%=0.0
20:4n-3 1.6+0.1 1.5+0.0 1.1+03 03+0.0 24+x06 1.0*+04 0.3x0.0 0.4%+0.1
20:5n-3 0.6+0.3 12.9+0.8 14.1+4.1 62+04 0.6+0.1 7.3+2.7 56+04 9.3%05
22:1 0.2+0.0 1.2+£0.5 1.0x03 04+0.1 04+0.0 15x04 tr 0.1£0.0
22:4n—6 nd 0.2+0.1 0.1%+0.1 nd nd 0.1+0.0 tr 0.1+£0.0
22:5n—6 nd nd tr nd nd nd nd nd
22:5n-3 0.3+0.1 1.5+0.2 2.6%+0.2 nd 0.2+0.0 2.6x04 nd 0.2x+0.0
22:6n-3 nd 0.1+0.1 0.7+0.0 nd nd 0.2+0.1 nd 0.9+0.1
2 Monoene 59+05 15.0+1.2 26.8+1.6 23.3+0.7 87+1.0 14.6+3.6 324+4.1 33.4x138
Zn—6 21.7+08 141%+04 7.1x1.1 6.6+03 36.3%x3.7 14.6%+2.1 7.6+04 7.5+0.3
2n-3 18.2+09 21.5+0.8 20.4+3.0 39.0+15 159+3.2 14.0+3.6 324+3.3 33.7*x15
Zn-3HUFA 2.9+£0.2 16.1+1.0 18.5*x39 6.6*x04 4.4+0.7 11.3+3.3 6.2+0.3 11.1+0.6

*1 See Fig. 1. *2 n=3. *8 =5 * In wet basis. *5 In dry basis. * Mean=+SD. *’ nd, not detected; tr, trace.
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